The experience of a coherent self is arguably central to human existence (e.g., Heatherton, Macrae, & Kelley, 2004) . Many aspects of the self have been investigated experimentally, including own-body or own-face perception, self-awareness, self-regulation, autobiographical memory, and relevant aspects of theory of mind. Here we focus on self-description, the ability to retrieve previously stored information about ourselves and use that information to judge how well particular descriptors reflect ourselves. Clearly self-description processes are fundamental to the conscious representation of the self. A better understanding of self-description processes and their implementation in the brain is crucial for understanding the psychological and biological basis of the self as a coherent and knowable entity.
Neuroimaging studies have been aimed at examining the neural bases of self-description; however, results have been discrepant especially with respect to cerebral hemispheric differences. The results from some studies indicate that self-description involves greater processing in the left hemisphere than in the right (e.g., Zhu, Zhang, Fan, & Han, 2007) , although others have more strongly implicated right-hemisphere processes in self-description (e.g., Fossati et al., 2004; Molnar-Szakacs, Uddin, & Iacoboni, 2005) . In this study, we tested whether self-description processes exhibit important left/right hemispheric asymmetries in a manner that enables inferences supplementing those enabled by neuroimaging.
Relevant theories lead to different predictions about asymmetries in self-description processes. From one perspective, the processes needed for all kinds of self-description may exhibit a consistent hemispheric asymmetry (although there is disagreement about the direction of this asymmetry). Self-description may be enhanced generally when left-hemisphere processes are engaged more strongly than right-hemisphere processes (e.g., Faust, Kravetz, & Nativ-Safrai, 2004; Gazzaniga, 2000; Zhu et al., 2007) or when right-hemisphere processes are engaged more strongly than left-hemisphere processes (e.g., Fossati et al., 2004; MolnarSzakacs et al., 2005; Platek, Myers, Critton, & Gallup, 2003) . Regardless of which hemisphere is thought to be dominant, this perspective leads to the hypothesis that all forms of selfdescription are benefited by engaging one hemisphere more strongly than the other.
In contrast, another perspective involves the possibility that different asymmetries in self-description may exist, depending on the particular descriptors involved. This perspective is linked to the finding that the two hemispheres are biased toward different motivational processes. Processes involved in motivation to approach are associated with left-hemisphere activity, whereas processes related to motivation to withdraw are associated with righthemisphere activity (Harmon-Jones, Gable, & Peterson, 2010) , and this asymmetry can be observed when single words are presented as stimuli (e.g., Cunningham, Espinet, DeYoung, & Zelazo, 2005) . This suggests that self-description processes may vary in hemispheric asymmetry depending on whether single-word descriptors are approach related or withdrawal related.
This perspective leads to two very different hypotheses, which may be described as trait and likability hypotheses. Under the trait hypothesis, self-description processes may differ depending on whether the traits that are judged are approach related or withdrawal related, with left-hemisphere advantages in judging approach-related traits and right-hemisphere advantages in judging withdrawal-related traits. In the Big Five personality trait taxonomy (Goldberg, 1992) , specific predictions can be made about two traits. Judgments of descriptors reflecting Extraversion may be enhanced when left-hemisphere processes are engaged more strongly than right-hemisphere processes, because Extraversion involves talkativeness and other forms of approach behavior. In contrast, judgments of descriptors reflecting Neuroticism may be enhanced when right-hemisphere processes are engaged more strongly than left-hemisphere processes, because Neuroticism is associated with anxiety, depression, and other states associated with withdrawal.
1 Thus, in a sense, this hypothesis implies that the left hemisphere is more extraverted than the right, whereas the right hemisphere is more neurotic than the left, and that each hemisphere will describe itself accordingly. Hemispheric asymmetries for the other Big Five traits, Agreeableness, Conscientiousness, and Openness/Intellect, are uncertain because they are less directly linked to approach and withdrawal.
In contrast, the likability hypothesis is that the motivational biases of the two hemispheres may lead to different asymmetries for judging descriptors with different levels of likability, independently of the traits associated with the descriptors. Judging that highly likable descriptors (e.g., "helpful" and "generous" for Agreeableness) describe ourselves well may be more likely when left-hemisphere processes are engaged more strongly than righthemisphere processes, because endorsement of the descriptor constitutes approach to a reward. In contrast, judging that low likability items (e.g., "rude" and "distrustful" for Agreeableness) describe ourselves poorly may be more likely when righthemisphere processes are engaged more strongly than lefthemisphere processes, because rejection of the descriptor constitutes withdrawal from a threat.
Such motivational effects on self-evaluation are plausible, even at the level of automatic processing most relevant to hemispheric asymmetries; electrophysiological evidence indicates that effects of positive versus negative trait words take place very early (by 300 ms) when making self-evaluation judgments of trait words (Tucker et al., 2003) . Further, the fact that people often selfenhance by overendorsing likable traits and overrejecting unlikeable traits is well established (Paulhus & Trapnell, 2008) . Our likability hypothesis implies that the two hemispheres self-enhance differently, the left hemisphere by overendorsing likable traits and the right hemisphere by overrejecting unlikeable traits. Previous neuroscientific findings on self-enhancement have implicated midline brain structures and thus do not provide evidence relevant to the question of hemispheric asymmetries in self-enhancement (Beer & Hughes, 2011) . Finally, it is worth noting that a combination of the likability and trait hypotheses is possible; different asymmetries may exist depending on combinations of personality traits and levels of likability of items, and we tested this possibility as well.
In the following study, we tested all hypotheses described above by administering a Big Five self-assessment personality inventory using trait-descriptive adjectives (Goldberg, 1992) , with each item presented directly to one hemisphere (briefly in the contralateral/ opposite visual field). In this situation, processes in the first hemisphere received timing and representational quality advantages over processes in the other hemisphere (interhemispheric communication is required following ipsilateral/same-side presentations). For example, neuronal firing rates (e.g., Gross, RochaMiranda, & Bender, 1972) and amplitudes of functional magnetic resonance signals (Tootell, Mendola, Hadjikhani, Liu, & Dale, 1998) are greater when visual stimuli are presented in the contralateral than the ipsilateral visual field.
We applied the following logic to enable causal inferences about the neural implementation of dissociable processes involved in self-description. If participants score more highly on one kind of item when stimulus presentations benefit left hemisphere processes, whereas they score more highly on another kind of item when stimulus presentations benefit right hemisphere processes, then one can conclude that the stimulus presentation manipulation (left or right visual field) causes different self descriptions attributable to at least weakly dissociable neural processes involved in the assessments (e.g., Marsolek & Burgund, 1997 Marsolek, Nicholas, & Andresen, 2002) . This kind of inference importantly supplements those typically made in neuroimaging experiments.
We analyzed participant scores as a function of (a) the Big Five factor (trait) to which each item belonged, (b) high and low likability of items, and (c) left and right hemisphere of direct item presentations. The predictions were as follows: If the processing needed for all kinds of self-description exhibit a consistent hemispheric asymmetry, then a main effect of hemisphere should be observed but no interactions involving hemisphere should be observed. If there are different hemispheric asymmetries for assessing different personality traits, then an interaction between Big Five factor and hemisphere should be observed. Finally, if there are different hemispheric asymmetries for endorsing likable items and rejecting unlikeable items, then an interaction between high and low likability of items and hemisphere should be observed.
One additional component of our method was designed to rule out an alternative explanation for results consistent with the likability hypothesis. If the likability hypothesis were supported, this might simply be attributable to differences in acquiescence bias between the two hemispheres. Acquiescence bias refers to the tendency to agree with self-descriptions, regardless of their likability or accuracy (Soto, John, Gosling, & Potter, 2008) . It is possible that an artifact of the use of Likert scales in conjunction with lateralized stimulus presentation could create greater acquiesence when words are presented directly to the left hemisphere: Words presented to the right of fixation (i.e., directly to the left hemisphere) might be given higher responses because the larger numbers of the 1-to-9 response scale appeared on the right. This would lead to the appearance that the right hemisphere was overrejecting unlikeable items relative to the left, as well as that the left hemisphere was overendorsing likable items relative to the right, when in fact the left hemisphere was simply overendorsing all items. However, this alternative explanation leads to one strikingly different prediction from the likability hypothesis, namely that neutral items that are neither high nor low in likability should also be endorsed more strongly when presented directly to the left hemisphere than when presented directly to the right. The likability hypothesis predicts no such effect for neutral words (e.g., "reserved") because they are neither likable nor unlikeable. To contrast these two explanations, we limited our primary test to high and low likability items, but then we subsequently tested the neutral items after observing evidence for the likability hypothesis.
Method Participants
Participants were 104 University of Minnesota undergraduates (half female, half male) who volunteered for course credit. All were right-handed as measured with the Edinburgh Handedness Inventory (mean laterality quotient ϭ .88; Oldfield, 1971) . Righthanded participants were tested because they generally exhibit more reliable hemispheric asymmetries than do left-handed people (e.g., Hellige, 1993) .
Materials
The 100 unipolar trait-descriptive adjectives in Goldberg (1992 ;  Table 3 ) were used as word stimuli. Twenty items were used to represent each of the Big Five factors: Extraversion, Agreeableness, Conscientiousness, Emotional Stability (Neuroticism reversed), and Openness/Intellect.
The 20 terms for each factor were divided into two sublists of 10 adjectives each. The two sublists per factor were balanced on factor-loading direction (positive/negative), factor loading values (both from Goldberg, 1992) , number of high versus low likability items, word length (number of letters per word), and word frequency in written English (Francis & Kucera, 1982) . For each participant, the words in one sublist for each factor were presented in the right visual field and the words in the other sublist were presented in the left visual field. In this way, the 10 words per factor that were presented directly to the left or right hemispheres for each participant were balanced on those variables. Counterbalancing across participants assured that each sublist was used to represent each visual-field condition an equal number of times across participants.
Words were presented in 24-point bold Arial font, and a small dot (subtending 0.69°of visual angle) was used as a central fixation point. In each lateralized word presentation, the word was centered on a point 4.18°left or right from the center of the display, and the inner edge of a word never appeared closer than 1.15°from the center of the display. A 1-9 response scale (Goldberg, 1992, Appendix A) was presented after each lateralized word presentation, and it was centered 7.31°above the center of the display. Participants placed their heads in a chin rest that kept their eyes 50 cm from the monitor throughout the experiment.
Procedure
Participants were tested individually. They were instructed to respond as accurately as possible on a 1-9 scale how well each trait described them (1 ϭ extremely inaccurate, 9 ϭ extremely accurate) as they generally are, as compared with other persons they know of the same sex and roughly the same age.
For each trial, participants first focused their eyes on the fixation point that appeared in the center of the display for 500 ms. Immediately after the disappearance of the fixation point, a word appeared briefly in the left or right visual field for 183 ms. Immediately after the disappearance of the word, the 1-9 rating scale appeared at the top of the display and remained on the screen until a response was registered by pressing one of the number keys (1-9) on the computer keyboard. A blank display appeared during each 1-s intertrial interval.
Words were presented in a pseudorandom order. The order was random but with the constraints that no more than three consecutive trials were used to represent the same factor, the same factor loading direction, or the same visual field of word presentation. Ten additional trials were presented (using 10 additional/nonexperimental trait-descriptive adjectives) at the beginning of the session purely for practice and warm-up.
Analysis
A repeated-measures analysis of variance was conducted, with self-description score as the dependent variable after reversescoring the negative loading items (so that all scores indicated higher scores on the Big Five trait in question). Likability of an item was included as an independent variable. Because our hypotheses most strongly concerned the relative extremes of high and low likability of items within traits, and not moderate levels, likability ratings from other studies (Dumas, Johnson, & Lynch, 2002; Goldberg, 1975) were used to quartile split the 20 items per factor so that the five highest rated terms were used as high likability items (e.g., "active") and the five lowest rated terms were used as low likability items (e.g., "unadventurous"). (Note that these likability ratings were not self-descriptions but explicit ratings of the likability, in general, of the characteristic described by each item.) The terms in the middle quartiles (e.g., "reserved") were not included in the main analysis, although they were used in the secondary analysis of possible acquiescence effects.
2 It is worth noting that all high likability items loaded positively on their factors, and all low likability items loaded negatively on their factors, with one exception. The Emotional Stability (Neuroticism reversed) factor is different from the other factors in the Goldberg (1992 ; Table 3 ) inventory, in that it contains only five items that load positively and 15 items that load negatively (for the other factors, 10 items load positively and 10 items load negatively). In part for that reason, one of the five positively loading items ("unexcitable") did not rank in the top quartile of likability, and instead one negatively loading item ("emotional") did rank in the top quartile of likability. The analyses were done using "emotional" as a high likability item and not using "unexcitable" as a high likability item because "emotional" ranked much higher than "unexcitable" in likability (4.16 vs. 2.93, respectively on a 1-6 scale). Results did not change substantively if we excluded "emotional" from the analysis. Thus, the (within-participant s) independent variables were likability of an item (high vs. low), Big Five 2 Using a quartile split to separate high likeability, neutral, and low likeability items is somewhat arbitrary, but we know of no established criterion for how distant from the midpoint of a Likert scale an item must be before one considers it high or low on that scale as opposed to intermediate or neutral. Using a quartile split was relatively conservative because it left twice as many words in the neutral condition as in either of the two valenced conditions, and this was useful for the follow-up analysis performed on neutral words because it helped ensure that the demonstration of no hemispheric effect on neutral words was unlikely to be simply a result of less reliable assessment of that class of stimuli.
factor for an item (Factors 1-5), and hemisphere of direct presentation of an item (left vs. right), in a 5 ϫ 2 ϫ 2 design.
Results
The main results are displayed in Figure 1 and support the likability hypothesis. Most importantly, the interaction between likability of items and hemisphere of direct presentation was significant, F(1, 103) ϭ 14.20, p Ͻ .001, MSe ϭ 1.379. For high likability items, scores were significantly greater when items were presented directly to the left hemisphere (6.43) than to the right hemisphere (6.25), F(1, 103) ϭ 8.26, p Ͻ .01, MSe ϭ 1.379, for the simple effect contrast. Thus, endorsing high likability items was benefited by strongly engaging left-hemisphere processes. In contrast, for low likability items, scores were significantly greater when items were presented directly to the right hemisphere (6.55) than to the left hemisphere (6.35), F(1, 103) ϭ 6.03, p Ͻ .05, MSe ϭ 1.379, for the simple effect contrast. Note that low likability items were reverse scored because they were negatively loading items. Thus, rejecting low likability items was benefited by strongly engaging right-hemisphere processes. This pattern of results did not differ as a function of Big Five factors; the three-way interaction between Big Five factor, likability, and hemisphere did not approach significance, F(4, 412) ϭ 1.51, p Ͼ .15, MSe ϭ 1.427.
Only two other significant effects were observed. The main effect of Big Five factor was significant, F(4, 412) ϭ 120.14, p Ͻ .0001, MSe ϭ 2.618. Scores were ordered as follows: Agreeableness (7.26), Openness/Intellect (6.80), Conscientiousness (6.69), Extraversion (6.23), and Emotional Stability (4.98). Finally, the interaction between Big Five factor and likability of items was significant, F(4, 412) ϭ 13.37, p Ͻ .0001, MSe ϭ 1.078. Scores were higher for high likability items than for low likability items in Extraversion (6.40 vs. 6.07, respectively) and Agreeableness (7.30 vs. 7.22, respectively), whereas scores were higher for low likability items than for high likability items in Conscientiousness (6.77 vs. 6.62, respectively), Emotional Stability (5.32 vs. 4.64, respectively), and Openness/Intellect (6.87 vs. 6.74, respectively). No other effects achieved significance (all other ps Ͼ .20).
Because the likability hypothesis was supported in the main analysis, we conducted a secondary analysis to test the acquiescence hypothesis. Under this hypothesis, a general bias toward left-hemisphere endorsement should operate on all items, including neutral items. Therefore, to rule out this alternative explanation for the results, we conducted an analysis on responses made to the items with likability ratings in the middle quartiles. To provide the strongest possible test of the alternative explanation, the same number of middle-quartile items were analyzed in this analysis (50) as high and low likability items in the main analysis (50), the middle-quartile items were presented in the same manner as the high and low likability items, and the middle-quartile items were randomly intermixed with the high and low likability items. The responses to middle quartile items (with no reverse scoring of any items) did not differ as a function of lefthemisphere presentation (4.94) versus right-hemisphere presentation (4.92), t(103) ϭ 0.33, p Ͼ .70. This indicates that the main results with high and low likability items (see Figure 1) should not be interpreted as indicating a general acquiescence bias such that stronger endorsements of all items, on the 1-9 scale, are made when they are presented directly to the left hemisphere rather than to the right. Instead, hemispheric asymmetries exist specifically for endorsing high likability items versus rejecting low likability items.
Discussion
The results of this study uncover the differential roles of the brain's left and right hemispheres in the process of selfdescription. The hypothesis that one hemisphere is generally more responsible for self-description than the other was not supported. In addition, the trait hypothesis that the two hemispheres "have different personalities," or are asymmetric in different ways when judging different personality traits, was not supported. Instead we found support for the likability hypothesis that the two hemispheres make different contributions to self-description that cut across personality traits. Specifically, dissociable processes exhibit opposite hemispheric asymmetries depending on the likability of individual items. Independently of traits, endorsing likable descriptors is enhanced by presenting items directly to the left hemisphere, whereas rejecting unlikeable descriptors is enhanced Figure 1 . Main results depicting hemispheric asymmetries in selfdescription processes; accepting high likeability items benefits from direct left-hemisphere item presentations, and rejecting low likeability items benefits from direct right-hemisphere item presentations. Self-description score (after reverse-scoring the negative loading items) is displayed as a function of the likeability of an item (high vs. low) and hemisphere of direct presentation of an item (left vs. right by presenting items directly to the right hemisphere. This supports the hypothesis that self-description processes are neurally dissociable, with hemispheric asymmetries depending on whether items are rewarding and hence approach-related or threatening and hence withdrawal-related. The finding that the trait hypothesis was not supported and the likability hypothesis was supported helps to pinpoint the nature of the hemispheric asymmetries in motivation to approach and motivation to withdraw. The asymmetries were restricted to processing of the individual items themselves; they did not involve processing of the relevant larger personality traits. Self-description processes did not differ depending on whether the larger traits that were involved were approach related (e.g., left-hemisphere influences on judgments of all items that reflect Extraversion) or withdrawal related (e.g., right-hemisphere influences on judgments of all items that reflect Neuroticism). Instead, within each of the Big Five personality traits, self-description processes differed depending on whether a particular item was positive and therefore likely to induce approach (e.g., "active" for Extraversion) or negative and therefore likely to induce withdrawal (e.g., "unadventurous" for Extraversion). This indicates that the hemispheric differences were attributable to motivation-based differences that applied only to the individual items themselves, and that people did not process the larger personality traits when making item judgments. In other words, despite the possibility that Extraversion as a whole trait is approach related, there are items that reflect Extraversion that induce withdrawal (low likability items), and it was the processing of the items at the individual item level, not processing of the relevant larger trait, that mattered with respect to the hemispheric asymmetries. For this reason, we suspect that the hemispheric differences in judging high and low likability words were a result of quick motivational processes, rather than slower semantic processes. If semantic processes had been involved, greater activation of the relevant larger personality traits might have been expected. Likability of items was determined according to previously published norms. Thus within the participants in our experiment, likability of some items may have varied somewhat between individuals. However, previous studies have typically found interrater agreement to be very high for ratings of the likability of trait adjectives (rs Ͼ .8; Krueger, 1996; Pettersson, Turkheimer, Horn, & Menatti, 2012) , meaning that such variability is minimal. Thus, the degree of variation present between individuals is extremely unlikely to have shifted an adjective all the way from the high likability category (top quartile) to the low likability category (bottom quartile), or vice versa. Even a shift from high or low likability to neutral will be rare. Further, note that even if an occasional adjective were "mis-categorized" for any particular participant, this would merely add noise to our analysis, rendering it more unlikely that we would find the positive results that we did. That we did find positive results indicates that our likability assessments were robust to such noise.
Our finding of a neural dissociation between endorsing high likability items and rejecting low likability items is relevant to understanding self-enhancement (Paulhus & Trapnell, 2008; Beer & Hughes, 2011) , but in a novel way. Self-enhancement occurs when people view themselves in an exaggeratedly positive light. To our knowledge self-enhancement research has never made a substantive distinction between endorsing positively keyed items and rejecting negatively keyed items; either would constitute selfenhancement. (Note that the distinction between "Self-Deceptive Enhancement" and "Self-Deceptive Denial" refers to what type of content is enhanced, rather than to endorsing or rejecting individual items; Paulhus & Trapnell, 2008 .) However, making this distinction appears to be uniquely important for hemispheric differences.
The degree to which the present results may extend to other forms of description (e.g., descriptions of other people) may be useful to investigate in future research. If hemispheric asymmetries in endorsing high likability items and rejecting low likability items extend beyond self-description, this would provide evidence that fundamental motivational asymmetries have effects on multiple kinds of description. Alternatively, if the hemispheric asymmetries do not extend beyond self-description, this would provide evidence that the relevant self representations are qualitatively different from representations of other people (e.g., Heatherton et al., 2004) . In addition, the closeness of the other people that are rated may be important; neural activity differs when describing close versus distant others (Hughes & Beer, in press ). Either possibility would be interesting. In either case, however, it is important to note that a potential lack of specificity of our pattern of results to selfdescription would not invalidate the hypothesis that our results supported, which is that the motivational differences of the two hemispheres are likely to influence responses to individual stimuli used in self-descriptions.
The cerebral hemispheres exhibit asymmetric activity in situations involving approach and withdrawal (Harmon-Jones et al., 2010) . Our research demonstrates that this pattern extends to self-description, in which likable descriptors can be viewed as rewarding, triggering approach, and unlikeable descriptors can be viewed as threatening, triggering withdrawal. That dissociable processes are involved in self-description implies that this aspect of self-representation is not completely unified (see also Moran, Macrae, Heatherton, Wyland, & Kelley, 2006) . That basic motivational processes are involved affirms that we are not dispassionate observers when we explicitly assess ourselves (Paulhus & Trapnell, 2008; Taylor & Brown, 1988) . This research thus contributes to understanding both the biological and the psychological dynamics of self-representation.
